Abstract. The anatomist Nicolaus Steno (1638-1686), a key figure of the Scientific Revolution and founder of modern geology, engaged in research on human procreation and proved for the first time that women have ovaries and not so-called female testicles. Steno took the view of "simultaneous animation" of the embryo and demythologized malformations of the embryo by appealing to original sin. His sexual ethics presages the pastoral constitution Gaudium et spes (1965). Steno, who was later ordained a priest and consecrated a bishop, was a defender of human life and looked at the human body as an "interpreter" of divine love. He was beatified by Pope St. John Paul II in 1988; his tomb is in the Basilica San Lorenzo in Florence. National Catholic Bioethics Quarterly 15.1 (Spring 2015): 107-126.
denotes the rise of modern science during the early modern period, especially the seventeenth century. The life sciences were not prominent in the academic discourse of the Scientific Revolution.
2 However, Steno and his contemporaries were well aware of the importance of the biological discoveries of their day. 3 Steno describes them as gigantic compared with those made previously. delivered his famous inaugural lecture on his dissection of a female corpse. 7 But his position there was precarious, because his Catholicism was an obstacle for the state church, which was Lutheran.
Steno, who had accepted the call to Copenhagen only for pastoral motives, finally left Denmark with the intention of becoming a priest. 8 He was ordained to the priesthood in Florence in 1675, and in 1677 was consecrated a bishop in Rome and appointed Vicar Apostolic of the Northern Missions. He worked mainly in Germany (Hanover, Münster, Hamburg, and Schwerin). As the first scientist of the modern age to be raised to the honor of the altars, he was beatified in Rome on October 23, 1988, by Pope St. John Paul II, who cited Steno's "acute powers of observation and his calm objectivity" in the English part of his sermon that day.
9

Purpose of This Paper
Steno's works and their relevance to the present day offer answers to fundamental questions of scientific ethos and bioethics. In considering his life and work, this paper aims to shed light on the ethical dimensions of early modern anatomy. The history of medical ethics and bioethics in early modernity, the relationship between medicine and theology in early modern times in general, and the religious stance of early modern scientists in particular still constitute large-scale research desiderata.
10
The first historical-bioethical study on the work and reception of an anatomist of the early modern era was about Steno.
11
Modern medical ethics begins with the Catholic Antwerpen physician Michiel Boudewyns and his book Ventilabrum medico-theologicum [Medical-theological
winnowing shovel], published in 1666, which provides a moral theological i nvestigation of questions of medical practice, pharmacists, patients, and the public health care system. 12 This was the year Steno made his discovery of the ovary.
The comparison of modern exponents of bioethics with early modern ethicists constitutes another challenge, which is taken up here by considering Steno with two twentieth-century bioethicists, André E. Hellegers (1926 Hellegers ( -1979 and Van Rensselaer Potter (1911 -2001 .
Compatibility of Steno's Science and Ethics
In 2010, James Tait Goodrich, professor of clinical neurological surgery at the Albert Einstein College of Medicine at Yeshiva University, mused on Steno's beatification in a letter to the editor of the journal Neurosurgery: "With all this wonderful research, amazingly sanguine ideas, and a natural skill at scientific investigation one wonders why he ended up an itinerant traveling titular bishop in poverty trying to bring Catholicism to the heathens of Europe. Even more amazing is that a recent pope considered his efforts so important he has recently become beatified and is now recognized as our patron saint of scientists."
13 Goodrich evidently struggled with the idea that a celebrated scientist could give up his promising career to become a bishop. Implicit is the assumption that Steno's life as a bishop was separate from, if not incompatible with, his life as a preeminent anatomist. It is this misunderstanding that I seek to correct in this paper.
In contrast, in 1998 Bernard E. Simon, then a plastic surgeon at Mount Sinai Hospital in New York, and two Italian physicians published an article in the journal Aesthetic Plastic Surgery, in which they point to the Cappella Stenoniana (Steno Chapel) in Florence, which houses Steno's tomb, an Early Christian marble sarcophagus from the fourth century that was excavated from the Arno River ( Figures  1 and 2 ).
14 They note the "pilgrimage of faithful academics who visit his remains, and above all young medical students who turn to him to obtain grace and fervor for their studies, le aving behind small notes and flowers with their requests to be fulfilled."
15 Pilgrims from throughout the world continue uninterruptedly to visit his tomb today and pray for Steno's intercession to obtain God's graces. Children also come to trust Steno and deposit requests on his sarcophagus: a boy with the first name Niccolò sketched the contours of Africa, an Erlenmeyer flask filled with liquid, and an erupting volcano as symbols of science and wrote, "Nicolaus Steno, I would like to become a great scientist like you."
16
In the twentieth century, André Hellegers, founder and director of the Kennedy Institute of Ethics at Georgetown University in Washington, DC, said something that reminds us of Steno, which is worth analyzing. 17 According to an editorial at the time, Hellegers spoke at a symposium on the abortion of defective fetuses organized by students at the George Washington University School of Medicine in the fall of 1974. Hellegers made the point that, in the words of the editorial writer, "bioethics does not seek to restrict science but to continually remind scientists that medicine and science are servants, not masters of man. By their seeking to keep within the ethical uses of medicine, it is hoped that physicians and scientists will avoid leading people to believe that science promises more than it can deliver; thus preventing a potential backlash."
18 The reason for his statement was the definition of health accepted by the World Health Organization in 1948: "Health is a state of complete physical, mental and social well-being and not merely the absence of disease or infirmity."
19
Hellegers himself described this as "the craziest definition of health ever given." 20 If medicine attempted to treat unhappiness-what the editorial writer called "an essentially subjective ailment"-or include patients' happiness in treatment, Hellegers feared that it would overstep its bioethical limits.
21 But science could not fulfill what Hellegers called the "infinite need" of happiness, and bioethics should therefore have the task to serve "as the protector of the scientific method against an anti-scientific backlash." 22 In other words, Hellegers asserted that, without ethical restrictions, physicians and scientists specifically, and medicine and science in general, have the potential to become masters of men instead of their servants. He gives as an example water fluoridation without the consent of the individual or even against the individual's will.
23
The priority of moral decision making in the work of scientific discovery, which is exemplified by Steno, guided the bioethical thinking of Hellegers. Van Rensselaer Potter, who coined the term "bioethics" in 1970, was less inclined to acknowledge the limits of science. 24 Hellegers would surely have distanced himself from the sort of future political proposal that Potter mentioned in Bioethics: Bridge to the Future "to add the antifertility chemicals to certain foods or to water supplies in large cities."
25
Potter merely humoristically distanced himself from that proposal.
26 What is needed to properly understand the danger of such a proposal is an appreciation of the limits of what science may do.
As "Royal Anatomist" in Copenhagen, Steno delivered an inaugural address during his dissection of a female corpse on January 29, 1673 OS (February 8, 1673 NS), in which he said, "Only the world promises more and greater things than it delivers; Nature delivers more and greater things than it promises; [but] strictly speaking, both are deceptive, because, in both cases, that which lies hidden is different from that which appears."
27
By Nature, Steno meant the visible-for example, a precious crystal in a dirty lump of earth.
28 According to him both the world, in the negative sense, as suggested by John the Evangelist (John 15:19 and 17:14-15), and Nature are deceptive, but in different ways: the specific Johannine use of the term "world" (in Greek, κóσμος) connotes worldly dominion identified with sin. Nature from Steno's point of view is always fallen Nature, and therefore research into it can blind if one does not look beyond superficial appearances.
Steno as bishop explained visible diseases, malfunctions, and malformations of the embryo by way of invisible "original sin," and thereby demythologized them. 26 Ibid., 156. 27 Steno, "Preface to Anatomical Demonstrations," 680 (2:252): "Solus mundus plura & majora promittit, quam praestat, Natura plura & majora praestat, quam promittit, uterque sano loquendi modo fallit, dum utrobique, quae latent, diversa sunt ab iis, quae apparent." Unless otherwise noted, all translations are by the author. 28 Ibid. In the seventeenth century, they were ascribed to the fantasies of pregnant women instead.
30 In Steno's view, science has the potential to lead one astray owing to "original sin," which also affects creation (Rom. 8:19-23). Therefore, science has the potential to identify with the "world," which "promises more and greater things than it delivers," and with sin. In other words, science can degenerate into ideology. Hellegers thus believed that science can degenerate to become a "master of men," whereas Steno regards it as having the potential for "deception." Steno looks deeper, to the hidden root of "deception"-in other words, to the original sin of mankind which, in biblical terms, has to do with the "father of lies" (John 8:44).
However, as an anatomist who spoke of the "natural light" of reason and inquired after its capacity to comprehend nature, Steno was hopeful.
31 He discovered in Leiden in 1662/63 that the heart is a muscle and nothing more, that is, it is not what Aristotle called the "throne of the soul."
32 This was so important for Steno's spiritual development that after his conversion he modeled his coat of arms on an anatomically correct human heart responsible for the circulation of blood. It exhibits the cardiac apex, from which a cross rises. With this coat of arms he continued to seal his letters as priest; as bishop he added his episcopal insignia (Figure 3 ). This is an indication of the importance that Steno attached to his discovery; he regarded it as a symbol of the circular flow of divine grace and held that it helped bring about his conversion.
In the context of research on the anatomy of the muscles, Steno wrote in Florence in 1667, "And why should it not be permitted to hope for great things if anatomy was reduced to that point that experience only in the reliable, reason only in the proven will find its fortune, that means if anatomy took an oath on the words 33 He believed that knowledge about the human body could help improve the human condition, and more generally, he was optimistic about the ability of science to facilitate progress.
Ethos
From the body of Steno's writings, it is clear that the four "basic elements" of Steno's ethos are intuition, reflection, empathy, and caution. 34 Steno was intuitive, which may help explain his talent for dissections. He was thoughtful, and reflected on events and observations over and over again to reach a well-founded conclusion. He was empathetic and could feel compassion-not only for women who suffered complications during pregnancy, for example, but also for animals undergoing vivisections. 35 sexual organs in decline-but ovaries, distinct female sexual organs. He published his discovery in the second appendix to his myology, or study of the muscles. the Holy Office, who stated concerning the second appendix (on "dissected dogfish") that he had found "all described accurately."
37
A complete manuscript of Steno's myology plus the appendices, written by a copyist and corrected by Steno himself, has been preserved. Figure 4 shows the page on which the discovery of the ovaries is noted, with Steno's original handwriting at the top of the right margin. It reads in conventional terminology De testibus foemellarum, "On the testicles of females." In the text, Steno points out that the female "testicles" of mammalian animals contain eggs and that therefore they are analogous to the ovaries of oviparous animals. The consequent conclusion is that "the testicles of women are analogous to an ovary." 38 Steno's discovery that women have ovaries was revolutionary.
Steno was more exact in describing Graafian follicles than their eponym, the Delft anatomist Regnier de Graaf.
39 Roger Short states that Steno "is undoubtedly the unsung hero of the ovary, and, if there was any justice in the world, we should be referring to ovarian follicles as Stensen's follicles, not Graafian follicles."
40 In a letter of October 1671, Steno set forth, generalizing, "that the natural things can be perceived sometimes during their process of growing, but concerning their beginnings and in that early formation arranged by Nature, that we do not know nearly all of them."
41
In other words, we have virtually no knowledge about the beginning of individual life, and, concerning Nature in general, human science can comprehend better the process of growing, such as that of the fetus-an insight that remains true today. Concerning Steno's discovery that human reproduction resembles animal reproduction, Matthew Cobb asserts that "Steno would have been horrified had he realized the profound implications of his idea. By suggesting that human generation is no different from that of any other animal, he enabled science to take a tiny step on the road to a materialist understanding of the ultimate origins of all life." the elements of nature is value-neutral, even when it brings in its wake a seeming demystification, as in Steno's discovery of the heart muscle.
Steno's sexual ethics also stands out for its "calm objectivity," as John Paul II put it concerning Steno's scientific profile. 43 In 1673, when Steno delivered his inaugural address in Copenhagen, he talked about human sexuality, taking the beauty of the human skin as his starting point. 44 He spoke of "especially that act [sexual intercourse] which by itself, with respect to all acts aiming at the procreation of mankind, is of highest dignity, is furthermore accompanied by the highest lust possible as a reward the prospect of which is held out by the author [the Creator] to those who perform it legitimately."
45
Concerning its characteristic style and its use of the Latin word dignus ("of dignity"), Steno's description of the marital act, which was extraordinary for his time, corresponds to remarkably similar words in the pastoral constitution Gaudium et spes, promulgated on December 7, 1965. There we read that "the acts by which the spouses unite intimately and chastely are honorable and of dignity, and, conducted in truly humane fashion, denote and foster mutual self-giving, with which they enrich themselves in a cheerful and thankful manner." 48 When in Rome in July 2014, I was told by Father Peter Gumpel, SJ, former assistant general postulator of the Society of Jesus and relator (investigating judge) in Steno's beatification process, that it might be possible to verify eventually, although it was impossible at the moment.
In one of his sermons, Steno says that the attraction between the two sexesexplicitly called by him formam amas (you love beauty)-and the mutual care between husband and wife can be a model for the Christian love for God. 49 It is significant that Steno's expression is traceable to the dictum "Amor formae rationis oblivio est et insaniae proximus" (Love of beauty is the oblivion of reason and close to insanity), by which the Stoic philosopher Seneca the Younger meant passionate love between the two sexes. 50 Steno however adopted a positive attitude. Seneca's dictum can be found not only in anatomy or theology books of the seventeenth century, but also in Spinoza's Ethics. 51 Spinoza visited Steno's daily anatomical dissections of the brain in Leiden, and later Steno, after his own conversion, tried to convert Spinoza to the Roman Catholic faith.
52
Concerning the animation of the embryo, that is, the theological discussion about the moment of time when the soul is infused, the traditional scholastic viewpoint of "successive animation," or "delayed ensoulment," dominated during the seventeenth century. 53 According to Aristotle, this meant that there were three steps in animation: the first stage is the anima vegetativa (vegetative soul), the second is the anima sensitiva (sensitive soul), and the third, after some weeks, is the anima rationalis (rational soul). Aristotle's views on human procreation were based on his incorrect observations and were the conceptual presupposition of his viewpoint of successive animation. 54 But whatever the precise moment of animation, the Roman who proposed that the moment of conception was the moment of ensoulment-the viewpoint of "simultaneous animation"-but still with the traditional medical background of the mixture of male and female semen, which was the accepted idea at that time. His Disputatio de ministrando baptismo humanis foetibus abortivorum ( Figure 5 ) concluded that all miscarried fetuses had to be baptized at least sub conditione. 57 Fiorentini was also familiar, he tells his reader, with observing "small animals" (bestiolae) with the help of a microscope, 58 but his treatise was primarily a theological one. Although his treatise was lauded by the Congregation of the Index, it was censured donec corrigatur in its first edition (Lyon, 1658) on condition that the author's assertion be presented as only probable and no attempt made to introduce a new rite into the Church.
59
With respect to Steno's observation that there is nearly no knowledge concerning the beginning of individual life, and that, concerning Nature in general, science can better comprehend the process of growing, 60 it is most probable that Steno was cautious; he never put his thoughts on the topic into print. But at least two lines of evidence suggest that Steno favored the moment of conception as the moment of ensoulment of the embryo.
First, as "Royal Anatomist" in Copenhagen, Steno told his students that he would "not determine" the questions concerning the "vegetative soul." 61 Second, later as a priest and bishop he said in a sermon that God directed "your soul" (i.e., the soul of his listeners) "from the very moment of your conception." 62 Steno speaks of only one soul-namely, the "rational soul"-that is infused at the moment of conception, and not of a soul that develops in three steps. Therefore, one can conclude with certainty that in Steno's view no inanimate embryo existed; for him the embryo (or fetus) maturing in the womb is a human being in the full sense from the moment of conception. 63 Steno did not hesitate to use the authority of his office as suffragan bishop to the Prince-Bishopric of Münster to give the defenseless unborn protection: unambiguously he called abortion a "crime."
64
It is important to stress that Steno, unlike many of his contemporaries, never intermingled natural science and theology methodically, although this did not prevent him from addressing the wonder of creation-for example, the relationship between body, soul, and mind and the "gracefulness" (gratia) of the human face enhanced by the collocation of the vasculars and nerves. 65 In this way Steno facilitated a new relationship between knowledge and faith, and thus in his stance on scientific methodology he already points to the "legitimate autonomy of the sciences" stressed by the Second Vatican Council. 66 His scientific writings, which were drawn up in Latin, are always precise and unpretentious, putting their content in a nutshell.
Transcendence
of more suitable methods of birth control." 78 In other words, for Potter the individual human being counts for nothing in the struggle for the survival of mankind. Potter also states, "We have to proceed as if we believed that the solution to man's major problems includes nothing that isn't 'available to the minds of men,' with just the added ingredient of humility ('fear of the Lord')."
79
At first sight, this might recall the paradox of St. Ignatius of Loyola: "Pray as if everything depended on God; work as if everything depended on you." 80 Potter was indeed influenced by a Jesuit, Pierre Teilhard de Chardin.
81 But Potter meant something very different, namely, that religion in general is superstition and that man is a stranger lost in the universe who has to struggle for the survival of his species. In this view, the term "humility" gets distorted. For Potter "fear of the Lord" (Ps. 110:10) is only a secularized technique to aid survival. In contrast, Steno viewed the "love of Christian humility" (Eph. 4:2) as "the most worthy love which a rational soul is capable of . . . a love in order to realize what we are in relation to God and in relation to ourselves," namely, the kind of love that enables the human being to recognize his relationship to God and therefore his own dignity.
82 That is the difference between "humility" in the sense of Potter and "humility" in the sense of Steno.
The Steno monument in front of the Faculty Library of Natural and Health Sciences at the University of Copenhagen (Figure 6 ) can help us comprehend Steno's spirituality. It depicts Steno during the anatomical demonstration at which he delivered his inaugural address as "Royal Anatomist" in Copenhagen.
The photo was taken at a moment when a ray of light descended from the sky on the right. The ray falls onto Steno's right hand as it rests on the chest of a female corpse. The resting hand may have been a device that the sculptor, Gottfred Eickhoff, used to point to the fact that Steno began his discourse with observations on the nature of human skin.
83 This harmonious interplay between nature and art points to the expression "radius seu virga in manu Dei" (pointer in the hand of God) in Steno's address. Steno used it to say that the anatomist should not boast about his activity, for he is only a tool in the hand of God, no more, no less. 84 However, the Latin word radius means not only "tool" but also "ray," as in a ray of sunlight. Steno as priest and bishop looked on a ray of sunlight in a spiritual way, as an assistant in the act of creation and as help in human activity and in fulfilling the obligation to do good.
85
In other words, with this help from God, which enables life on earth and also the scientific activities of the anatomist and the physician, one may respond to God's love for each human being, including oneself, by using the light for purposes that are in accordance with both the natural and the supernatural order.
Steno especially appreciated the "moments of grace"-moments of spiritual insight granted by God-as a result of his inner conversion in Florence on All Souls' Day, November 2, 1667. He conveyed this idea with the heart and the cross on his coat of arms (seen on his seal in Figure 3 ). His spirituality highlights the human body as "interpreter" of divine love: in this, Steno provides a key to medical ethics. Anatomical research can foster better ethics (e.g., sexual ethics) by revealing the nature of human procreation, but science is not identical with ethics. Hellegers 
